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(54) RADIO WAVE ABSORBER 



(57) There is disclosed a thinner-layered radio wave 
absorber having high absorption performance for a high 
frequency electromagnetic wave. The radio wave ab- 
sorber, even when having a magnetic layer of not more 
than 1 mm in thickness, achieves satisfactory absorption 
characteristics for the high frequency electromagnetic 
wave by adopting a structure that a conductor is fixedly 
attached to a face opposite to an electromagnetic-wave 
incident face of the magnetic layer of single-layered 
structure, and also arranging the magnetic layer to have 
values of a real part u.' and an imaginary part u" of com- 
plex relative magnetic permeability of the magnetic layer 
satisfying an expression of u."&mu.' - n (m: real number 
of m>0, n: real number of n^0) outside an impedance 
mismatching region. 
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matching frequency and a matching thickness are determined once a material constant is established. A thickness of 
about 1crn, when using rubber ferrite or the like, is required for the electromagnetic wave in the frequency band of 
2.45GHz, resulting in use of the radio wave absorber having the above thickness in the conventional technique. How- 
ever, with the progress of miniaturization of electronic equipment such as the portable information terminal, for instance, 
5 there is a need for smaller thickness of the radio wave absorberto reduce the proportion of a radio wave absorber size 
to an equipment size. In this connection, development of a radio wave absorber, which meets demands for smaller 
thickness and lighter weight while keeping up radio wave absorption performance with the use of a material of higher 
relative magnetic permeability, has been desired. 

[0009] On the other hand, a thin film material containing Co is known as a material having high relative magnetic 
10 permeability enough to cover the high frequency band, as disclosed in Japanese Patent Application Laid-open No. 
10-241 93B, for instance. Using this thin film material meets both high magnetic permeability and high electric resistance 
in a Co-Ni-AI-Q thin film or the like by adopting a granular structure composed of two or more kinds of fine structures 
such as fine magnetic particles limited in particle size to about 4 to 7nm and grain boundaries of extremely thin ceramic 
film surrounding the fine magnetic particles. However, the thin film material in this case is formed in the shape of a thin 
15 film using a sputtering device, resulting in no application to a material of practical use as the radio wave absorber, 
[0010] A multi-layered radio wave absorber including a magnetic layer consisting of the above material is also often 
applied as the impedance-matching radio wave absorber. The structure available may be that having a dielectric layer 
on the front face of a magnetic layer backed with the conductor as described above and so on, for instance. As compared 
with a single-layered radio wave absorber, the multi-layered wave absorber has advantages of easily managing match- 
20 in g of a reflected wave phase by reason that reflection is subjected to the control as impedance of an incident face 
nears space impedance, whereas having disadvantages of increasing the production cost. For that reason, in producing 
the impedance-matching radio wave absorber, there is a need for selection of a material and astructure in consideration 
of the above advantages and disadvantages, while difficulty has been experienced in passing decision on selection of 
the material and the structure. 

25 [0011] The present invention is provided in view of the above circumstances, and its object is to provide a thinner- 
layered radio wave absorber, which permits exact selection of a material and a structure and achieves high absorption 
performance for high frequency electromagnetic wave. 

DISCLOSURE OF THE INVENTION 

30 

[0012] According to the present invention, in orderto solve the above problems, there is provided, in an impedance- 
matching radio wave absorber, a radio wave absorber comprising a magnetic layer having a thickness of not more 
than 1 mm and arranged to have values of a real part u,' and an imaginary part \i" of complex relative magnetic perme- 
ability satisfying the expression of \i u ^ muZ - n (m: real number of m>0, n: real number of n^ 0)outside an impedance 
35 mismatching region, and a conductor fixedly attached to a face opposite to an electromagnetic-wave incident face of 
the magnetic layer. 

[0013] The above radio wave absorber, even when having the magnetic layer of not more than 1 mm in thickness, 
achieves satisfactory absorption characteristics for high frequency electromagnetic wave by adopting the structure that 
the conductor is fixedly attached to the face opposite to the electromagnetic-wave incident face of the magnetic layer 

40 of single-layered structure, and arranging the magnetic layer to have the values of the real part u.' and the imaginary 
part u." of the complex relative magnetic permeability of the magnetic iayer satisfying the expression of ii."^mu/ - n (m: 
real number of m>0 f n: real number of n^0) outside the impedance mismatching region. When the reiative permittivity 
of the magnetic layer is not more than 15, the return loss of not less than 20dB is achieved for the electromagnetic 
wave in the frequency band of 2.4 to 2,5GHz, for instance, on the assumption that 4^m^6 and n^30, while the return 

45 loss of not less than 1 0dB is achieved on the assumption that 1 .2^m^1 .5 and n^1 0. When the relative permittivity of 
the magnetic layer is not more than 50, the return loss of not less than 20dB is also achieved on the assumption that 
4^m^6 and n^ioo, while the return loss of not less than 10dB is achieved on the assumption that 1.2^m^1.5 and 
n^30. Using a magnetic material of fine textural structure limited in particle size to 1 to 1 0Onm in the shape of powder, 
for instance, for dispersion into a polymeric material or the like permits formation of the magnetic layer. 

50 [0014] According to the present invention, there is also provided, in an impedance-matching radio wave absorber, 
a radio wave absorber, which comprises a radio wave absorptive layer having a thickness of not more than 1 mm and 
adopting a multi-layered structure including a magnetic layer arranged to have values of a real part u,' and an imaginary 
part u.' 1 of complex relative magnetic permeability satisfying the expression of u,"^mji l - n (m: real number of m>0, n: 
real number of n^0), and a conductorfixedly attached to a face opposite to an electromagnetic-wave incident face of 

55 the radio wave absorptive layer. 

[0015] The above radio wave absorber, even when having the magnetic layer of not more than 1mm in thickness, 
achieves satisfactory absorption characteristics for high frequency electromagnetic wave by adopting the structure that 
the conductor is fixedly attached to the face opposite to the electromagnetic-wave incident face of the radio wave 
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allowing space impedance to match impedance of the radio wave absorptive layer by controlling the thickness of the 
radio wave absorptive layer. The radio wave absorber has an effect of absorbing a plane wave in a relatively remote 
eJectromagnetic field at a distance of not less than M6 from a wave source. As one embodiment of the impedance- 
matching radio wave absorber, there is shown, in Fig. 1 , a radio wave absorber 1 0 comprising a magnetic layer 11 of 
s single-layered structure that a face opposite to a wave incident direction of the magnetic layer 11 is backed with a metaf 
plate as a conductor 12. The single-layered radio wave absorber 10 as described above has advantages of holding 
down its production cost, since there is less need for production steps, as compared with a multi-layered radio wave 
absorber which will be described later. 

[0019] In general, the impedance-matching radio wave absorber gives effect to non-ref lection in a target frequency 
10 by designing a material constant to satisfy the following expression (2), and also by controlling the thickness of the 
radio wave absorptive layer. 



[0020] Wherein i represents an imaginary unit, and d is the thickness of the radio wave absorber. 
[0021] In this connection, there will be given of the search for a material constant enough to satisfy the above ex- 
pression (2) in the following description. Fig. 2 is a graph showing relative magnetic permeability required in a case 
where the thickness of the magnetic layer 11 is made variable when using the single- layered radio wave absorber 1 0 
25 shown in Fig. 1, 

[0022] In Fig. 2, there are shown values of a real part u.' and an imaginary part u, u of complex relative magnetic 
permeability sufficient to achieve a return loss of 20dB for the electromagnetic wave in a frequency band of 2.45GHz, 
for instance. The electromagnetic wave in the frequency band of 2.45GHz is used with various kinds of electronic 
equipment such as an electronic oven, a portable information terminal and a wireless LAN, and is supposed to be that 

30 required for smooth communication when using these pieces of electronic equipment without mutual malfunctions. 
Incidentally, the relative permittivity e of the magnetic layer 11 is assumed to be 1 . In Fig. 2, inside of each boundary 
given in a semi-elliptical shape represents a matching region meeting the above requirements, and there are shown 
the matching regions respectively corresponding to cases where a thickness is limited to 50|im f 1 00|xm, ISOpjn, 200^m, 
250jam, 300um and more than 300jxm in a descending scale. It is ascertained from Fig. 2 that the relative magnetic 

35 permeability required for the magnetic layer 1 1 to meet the amount of absorption as much as -20dB increases with the 
decreasing thickness of the magnetic layer 11 , 

[0023] Incidentally, a description regarding a dotted line in Fig. 2 will be given later. 

[0024] Fig. 3 is a graph showing the relative magnetic permeability \i required in a case where the relative permittivity 
e of the magnetic layer 1 1 is made variable on condition that the thickness of the magnetic layer is fixed. In Fig. 3, there 

40 is shown a case where the relative permittivity e of the magnetic layer 11 is made variable on condition that the thickness 
of the magnetic layer is limited to 200u.m when using the single-layered radio wave absorber 10, similarly to Fig.2, in 
which inside of each circle given outside a mismatching region 31 represents values of a real part u,' and an imaginary 
partu." of thecomplex relative magnetic permeability sufficient to achieve the return loss of 20dB for the electromagnetic 
wave in the frequency band of 2.45GHz. The circles representing the regions meeting the above requirements are 

45 shown by solid lines, broken lines and dotted lines respectively corresponding to cases where e" = 0.5, 50 and 1 00 on 
condition that the value of the real part e 1 of the complex relative permittivity is varied in a range from 15 to 1 000 and 
value of the imaginary part e" thereof is further varied depending on each value of the real part. 
[0025] As a result of measurement, inside of the mismatching region 31 given in a semicircular shape in Fig.3 is 
considered to be a region insufficient to achieve the absorption characteristics of not less than - 20dB although the 

so relative permittivity e is limited to any value. Thus, even if a material that takes the values of the real part ja' and the 
imaginary part u," of the complex relative magnetic permeability included in the mismatching region 31 is used, no 
satisfactory radio wave absorber meeting the above requirements is available. It is also understood that a value of the 
required relative magnetic permeability decreases with the increasing relative permittivity dielectric constant for 
achievement of the above absorption characteristics. It ts ascertained from Fig.3 , for instance, that supposing that a 

55 magnetic material of about 300 in relative permittivity is used as the magnetic layer 11 , the complex relative magnetic 
permeability of about n= 60-40j is all that is required to produce the thin-layered radio wave absorber of 200um in 
thickness. 

[0026] From a standpoint that use of the magnetic material showing the relative magnetic perme ability within the 
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magnetic permeability of the magnetic layer. In Fig. 8, there is shown a region sufficient to achieve the absorption of 
not Jess than -20dB when a frequency of the target electromagnetic wave is limited to 2.45GHz, and thickness of the 
radio wave absorptive layer is also limited to not more than 200|am. A semi-elliptical range shown at the bottom left- 
hand corner is considered to be a mismatching region 81 , and when the relative magnetic permeability of the magnetic 
s layer lies within this mismatching region, neither the single-layered radio wave absorber nor the multi-layered radio 
wave absorber achieves the satisfactory absorption performance. 

[0035] Referring to Fig. 2, when using the single-layered radio wave absorber, the region of the relative magnetic 
permeability sufficient to achieve the absorption characteristics of -20dB decreases with the increasing thickness of 
the magnetic layer. However, the above region of the relative magnetic permeability in the drawing exists within a 

10 region where the imaginary part |x" of the complex relative magnetic permeability takes a value greater than a line that 
goes up from the origin at a certain gradient, that is, within a region satisfying the expression of ^"^mp/ - n (m: real 
number of m>0, n:real number of n ^0). When meeting the requirements in Fig. 2, the values of m and n are respectively 
assumed to be about 5 and about 0, Thus, the real part jj.' and the imaginary partyi" of the complex relative magnetic 
permeability of the magnetic layer should take values meeting the requirements given by the expression of m^ 1 - 

*5 n in order that the single-layered radio wave absorber may achieve the satisfactory absorption characteristics for certain 
frequency electromagnetic wave in the high frequency band. On the other hand, referring to Fig. 7, when using the 
multi-layered radio wave absorber, the relative magnetic permeability of the magnetic layer may basically take values 
in the substantially whole region except the mismatching region 81 in a manner of controlling the relative permittivity 
and the thickness of the dielectric layer. 

20 [0036] As described the above, as shown in Fig. 8, using the complex relative magnetic permeability of the magnetic 
layer may apply a straight line representing the expression of i^muJ - n (m: real number of m>0, n: real number of 
n^0) as the criterion for judgment on design in order to permit production of the wave absorber sufficient to achieve 
the satisfactory absorption characteristics, in a region except the mismatching region 81 . Accordingly, it may be judged 
that the region satisfying the expression of ^"^mii' - n is advantageous in producing the single-layered radio wave 

25 absorber, while the other region is advantageous in producing the multi-layered radio wave absorber. In this connection, 
verifications on the values of m and n in the above expression will be given next. 

[0037] Firstly, a description will be given of verifications on a guiding principle on selection of a material for the 
magnetic layer to achieve the absorption characteristics of -20dB when using the single-layered radio wave absorber. 
Fig. 9 shows a matching region in a case where the relative permittivity s of the magnetic layer is assumed to be 15. 

30 Fig. 1 0 shows a matching region in a case where the relative permittivity e is assumed to be 50. Verifications on the 
values of m and n to meet the absorption characteristics of - 20dB with reference to Figs. 9 and 10 will be given next. 
[0038] In Figs.2, 9 and 10, there are shown, every value of the relative permittivity eof the magnetic layer, matching 
regions sufficient to achieve the absorption characteristics of -20dB in a case where the thickness d of the magnetic 
layer is made variable on condition that the frequency of the target electromagnetic wave is limited to 2,45GHz. The 

35 value of the relative permittivity e of the magnetic layer in Fig.2 is assumed to be 1 , that in Fig.9 is assumed to be 1 5 
and that in Fig. 10 is assumed to be 50. In each of Figs.2, 9 and 1 0, there are shown the matching regions respectively 
corresponding to a cases where the thickness d of the magnetic layer is limited to 50jam, lOOj^m, 200pm, 250p.m. 
300|a.m and more than 300 jam, as enclosed with substantially elliptical boundaries. 

[0039] In Figs, 9 and 1 0, the relative magnetic permeability erequired for the magnetic layer to meet the amount of 

40 absorption of -20dB Increases with the decreasing thickness d, similarly to the case of Fig. 2. The matching regions 
appear on the left side of a straight line given at a certain gradient in each of Figs. 9 and 10, The straight line as 
described above is shown by dotted lines as L1, L2 and L3 respectively in Figs,2, 9 and 10, Expressing each of the 
straight lines L1 , L2 and L3 in terms of \i }, =n)\i'- n gives m=5 and n=0 from Fig. 2 when the relative permittivity e is 1 , 
gives m=4.3 and n=25 from Fig. 9 when the relative permittivity e is 15, and gives m=5.1 and n=75 from Fig, 10 when 

45 the relative permittivity sis 50. 

[0040] According to the above results, the guiding principle for achievement of the return loss of not less than 20dB 
for the target electromagnetic wave in the frequency band of 2.4 to 2.5GHz when using the single-layered impedance- 
matching radio wave absorber may beset up on the basis of values of 4^m^6 and n^30 when the relative permittivity 
eof the magnetic layer is not more than 15 on condition that the relation of the real part \V and the imaginary part \i" of 

so the complex relative magnetic permeability of the material for the magnetic layer is given by the expression of ^"^mix 1 - 
n, while being set up on the basis of values of 4^m^6 and n^1 00 when the relative permittivity eof the magnetic layer 
is not more than 50. As described above, with the increased value of the relative permittivity e of the magnetic layer, 
the value of n representing the distance from the origin gradually increases without a greater change of the value m 
representing the gradient, providing a greater matching region. Using the above guiding principle may set up the re- 

55 quirements for design of the thin-layered radio wave absorber, which is not more than 1 mm in thickness and achieves 
the absorption characteristics of not less than -20dB for the useless radio wave in the frequency band of 2.45GHz 
required for a large number of electronic equipment such as an electronic oven, a portable information terminal and a 
wireless LAM. 
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mation terminal and the wireless LAN. The same absorption characteristics are atso achieved in a wide frequency 
band of about 2 to 3GHz in the first embodiment, as to the absorption characteristics of not less than -10dB, at which 
the effects as the radio wave absorber are to be generally accepted. Incidentally, aluminum foil was used for a backing 
conductor of the magnetic layer. As the backing conductor, a carbon film, an ITO (Indium Tin Oxide) film and other 
5 various kinds of metal films may be used without being limited to the aluminum foil. These films may be produced as 
a vacuum-evaporation film or a sputtering film, or alternatively, a metal face of a structure on which the radio wave 
absorber is installed may be made equivalent to the backing conductor, 

[0049] Then, the above material was used to produce the radio wave absorber having the radio wave absorptive 
layer of a multi-layered structure having the dielectric layer and the magnetic layer as shown in Fig, 6, as the second 

10 embodiment. In the second embodiment, the radio wave absorber was produced by the steps of dispersing BaO-Ti0 2 
ceramics into a polymeric material used as a base material to form a dielectric layer as the sheet-shaped material, 
then pressure-bonding the dielectric layer with a magnetic layer consisting of the same material as that in the first 
embodiment after leveling the dielectric layer and the magnetic layer to a predetermined thickness, and then backing 
the magnetic layer with the aluminum foil. As the backed conductor, the materials other than the aluminum foil and the 

15 processes similar to those in the first embodiment will be also enough. Use of the above material was capable of 
producing a sample that the dielectric constants of the dielectric layer and the magnetic layer respectively take values 
of 300 and 1 5 and the real part u, 1 and the imaginary part u" of the complex relative magnetic permeability respectively 
take values of BO and 50, resulting in achievement of the absorption characteristics of not less than -20dB for the 
electromagnetic wave in the frequency band of 2.45GHz on condition that the thickness of the dielectric layer and that 

20 of the magnetic layer are respectively limited to 30ujti and 120Lim, in total 150u,m. 

[0050] In the above radio wave absorber, the satisfactory absorption characteristics for the high frequency electro- 
magnetic wave may be achieved with the thickness of not more than 1 mm, while there has been need for a thickness 
of about not less than 1cm in the conventional art. It is extremely effective in incorporating the above radio wave 
absorber in the small-sized electronic equipment such as the portable information terminal, for instance, since demands 

25 for smaller size and lighter weight are satisfied. The radio wave absorber produced according to the above method 
may be applied to a radio wave absorption panel and a radio wave absorption casing, without being limited to a wave 
absorption sheet formed in the shape of a sheet. The method for producing the radio wave absorber by kneading the 
magnetic material with the polymeric material makes it possible to easily form the thin-layered radio wave absorber by 
the steps of producing a paste-like or liquid sample in a manner of controlling the volume filling rate of the magnetic 

30 material, and then coating the face of a panel-shaped body or an electronic equipment casing with the sample by 
spraying or the like. 

[0051] Incidentally, as the magnetic material used for the magnetic layer, either a material containing at least one of 
Fe, Co and Ni or an alloy containing Mn such as MmAI, CnzMnAI and MnBi may be used, without being limited to the 
above material. As the dielectric material used for the dielectric layer, ceramics such as PbTi0 3 -PbZr0 3 (PZT ceramics), 
35 Pb0 2 -Li 2 0 3 -Zr0 2 -Tl0 2 (PLTZ ceramics), MgTi0 3 -CaT10 3j BaMg^^a^, BZn^Ta/^, Ba 2 Ti0 2 , Zr 1 . x Sn J( Ti0 4f 
BaO-Nd 2 0 3 -Ti0 2 , Pb^Ca^rOg and PbTi0 3 -PrZr0 3 -PbB 1(1 _ x) B 2(x) 0 3 or like ceramics may be used, without being 
limited to BaO-Ti0 2 ceramics described the above. 

INDUSTRIAL AVAILABILITY 

40 

[0052] As has been described in the foregoing, the radio wave absorber according to the present invention, even 
when having the magnetic layer of not more than 1 mm in thickness, may achieve the satisfactory absorption charac- 
teristics for the high frequency electromagnetic wave by adopting the structure that the conductor is fixedly attached 
to the face opposite to the electromagnetic-wave incident face of the magnetic layer of single-layered structure, and 
45 also by arranging the magnetic layer on the assumption that the values of the real part \x! and the imaginary part u." of 
the complex magnetic permeability of the magnetic layer satisfy the expression of u."^mu.'- n (m; real number of m>0, 
and n: real number of n^0) outside the impedance mismatching region. 

[0053] The radio wave absorber according to the present invention, even when having the magnetic layer of not 
more than 1 mm in thickness, may also achieve the satisfactory absorption characteristics for the high frequency elec- 
50 tromagnetic wave by adopting the structure that the conductor is fixedly attached to the face opposite to the electro- 
magnetic-wave incident face of the wave absorptive layer including the magnetic layer and also by arranging the mag- 
netic layer on the assumption that the values of the real part u,' and the imaginary part u" of the complex magnetic 
permeability of the magnetic layer satisfy the expression of ji"^mu,' - n (m: real number of m>0, n: real number of n^0) 
outside the impedance mismatching region. 

55 
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15. A radio wave absorber according to claim 14, wherein said magnetic material includes either a materia! containing 
at least one of Fe t Co and Ni or an alloy containing Mn. 

16. A radio wave absorber according to claim 14, wherein said magnetic material is formed by dispersion of said 
magnetic material in a shape of powder into any of a polymeric material, concrete and ceramics. 

17. A radio wave absorber according to claim 9, wherein said radio wave absorptive layer has a dielectric layer con- 
taining a dielectric material, 

18. A radio wave absorber according to claim 17, wherein said dielectric layer is formed by kneading of said dielectric 
material such as ceramics selected from a group consisting of BaO-Ti0 2 , PZT, PLTZ, MgTi0 3 -CaTi0 3 , 
BaMg^TajPa, BZn t . x Ta x 0 3 , Ba 2 T10 ai Zr 1o( Sn x TiO +p BaO-Nd 2 0 3 -Ti0 2j Pb^Cs^ZrOa and PbTi0 3 -PrZrQ 3 - 
PbB 1 (i- )C )B2(j C )03 ceramics with a polymeric material 

19. A radio wave absorption sheet, comprising the radio wave absorber according to one of claim 1 and claim 9. 

20. A radio wave absorption panel, comprising the radio wave absorber according to one of claim 1 and claim 9. 

21. A radio wave absorption casing, comprising the radio wave absorber according to one of claim 1 and claim 9. 
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Fig. 2 




13 




e -3 i d 



IV 669 Z9Z Vd3 



EP 1 267 599 A1 




15 



91- 




00? 



9 -a t a 



LV 669 L9Z I d3 



EP 1 267 599 A1 



Fig, 6 
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Fig. 12 
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INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/1Q112 



Box I Obse rvalions where certain claims were found unsearchable (Contf uualkm of Nem I of first sheet) 



This international search report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 

1. ^ Claims Nos,: 2-5, 10-1 3 

because they relate to subject matter not required to be searched by this Authority, namely: 

Specific matters in claims 2-5, 10-13 only indicate the ranges of 
relative permeability and complex relative permeability essentially 
provided by magnetic materials based on physical calculation expressions 
when a reflection damping rate of at least 20 dB or at least 10 dB is to 
be shown , and therefore are considered tobe mere presentations o£ information, 

2. £5 Claims Nos.: 1,9 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

Since any positive number can be selected for coefficients m and 
n, respective values of an imaginary part and a real part of complex relative 
permeability can be selected arbitrarily. Accordingly, no specific value 
can be determined. 

3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the secon d and third sentences of Rule 6.4(a). 
Box II Observations where unity of Invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 , Q As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2, Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3, Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the applicant Consequently, this international 

search report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest, 
I I No protest accompanied the payment of additional search fees. 
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